Background: Potentially, a binding of 5-aminosalicyclic acid (5-ASA) to dietary fibres could reduce the systemic absorption and increase the intraluminal amount. The purposes of the study were to investigate if: (1) dietary fibres can bind 5-ASA in vitro, and (2) consumption of dietary fibres is related to disease activity in patients with ulcerative colitis (UC) treated with 5-ASA. Methods: In vitro: 15 g of Ispaghula Husk, wheat bran, citrus-pectin, or wheat flour were incubated in a 37 C buffered solutions of 5-ASA (1 g/l) for 3 hours at pH 6 and 7. The concentrations of 5-ASA were determined before and after the incubation using HPLC. In vivo: patients with UC were interviewed two to three times during 6 months. The fibre consumption was estimated and related to the disease activity (CAI, CRP, Faecal-calprotectin) and quality of life (IBDQ). Results: In vitro: 5-ASA was bound to Ispaghula Husk (5.310.0 mg/g) and wheat bran (4.65.5 mg/g), and to a minor degree to citrus-pectin. No differences were found in relation to pH. In vivo: 29 patients completed the scheduled interviews. No significant changes in fibre consumption were observed over time; however, patients consuming a diet high in fibre (>20 g/ day) had significantly lower CRP (p <0.01) and faecal-calprotectin (p <0.01) than those consuming less fibre (<20 g/dg). Conclusions: Patients with a high intake of fibre had a lower disease activity than those with low intake. Ispaghula Husk bound 5-ASA in vitro, independent of pH. The effect might be clinically relevant in patients with UC treated with 5-ASA.
Introduction
Fooddrug interactions can be associated with alterations in the pharmacokinetic and pharmacodynamic profiles of various drugs, which can result in increased or decreased bioavailability of the medication and consequently cause unwanted clinical effects or lack of effects [Singh and Malhotra, 2004; Harris et al. 2003; Doherty and Charman, 2002; Schmidt and Dalhoff, 2002; Singh, 1999; Melander and McLean, 1983 ]. This may have consequences for the treatment of the patients and the progress of their disease.
Orally administrated drugs normally dissolves in the stomach or intestinal fluid and are absorbed from these regions of the gastrointestinal canal depending on the physicalchemical properties of the drug, but ingested meals may change these conditions. Localized delivery of the drugs (e.g. 5-aminosalicylic acid (5-ASA) to the colon rather than absorption in the upper gastrointestinal canal) is essential in the treatment of ulcerative colitis (UC) [Cohen, 2006] . A high intake of dietary fibres has been shown to reduce the effect of lovastatin dramatically and to a clinically relevant degree in patients with hyperlipidemia due to the binding of the drug to dietary fibres in the intestine [Richter et al. 1991 ]. This binding capacity might be a therapeutic gain in the treatment of UC with 5-ASA, as a high local concentration in the colon is wanted, and as side effects of 5-ASA are mainly attributed to the absorbed fraction. The purposes of the study were (1) to investigate if dietary fibres could bind 5-ASA in vitro, and (2) to investigate if a relation between consumption of dietary fibres and disease activity could be plausible in patients with UC in long-term treatment with 5-ASA.
Materials and methods
In vitro experiment Fifteen grams of Ispaghula Husk, wheat bran, citrus pectin, or wheat flour were placed in a tea bag and incubated for 3 hours at 37 C in 350 ml liquid solution of 1 mg 5-ASA/ml water. Afterwards the solutions were analyzed for changes in the concentration of 5-ASA using HPLC (high performance liquid chromatography). The experiment was carried out at pH 6 and pH 7, respectively, buffered with NaOH. Amount of fibre-bound 5-ASA in excess of fibre-bound water was calculated.
HPLC
HPLC was used to measure the concentration of 5-ASA. The analytical column consisted of 'Eclipse XDB C8, 3.5 mm, 150 Â 4.6 mm'. The mobile phase was acetonitrile with 0.2 M potassium citrate buffer pH 6.0 and water (15:5:80 v/v/ v) with 2.0 g of tetrabutylammonium hydrogen sulphate added per litre at detection 254 nm and 315 nm. The analysis was carried out at a column temperature at 30 C and with a flowrate of 1 ml/min.
In vivo clinical investigation
An open-label observational study was conducted at Hvidovre Hospital for a 6-month period. Consecutive patients fulfilling the inclusion criteria were invited to participate. Of the 53 patients showing up in the outpatient clinic, 34 patients (17 males, 17 females) agreed to participate in the study. Baseline characteristics are shown in Table 1 .
The patients aged 1988 (median 42) had been in oral 5-ASA maintenance therapy for at least 1 month prior to the study, but were not treated with steroids at the time of inclusion. The patients were interviewed two or three times depending on the duration of their stay in the study. At the interview, fibre consumption for the preceding 2 weeks was estimated and related to disease activity and quality of life. Disease activity was estimated using Clinical Activity Index (CAI), plasma C-reactive protein (CRP), and F-calprotectin; and quality of life was estimated by use of the Inflammatory Bowel Disease Questionnaire (IBDQ). A retrospective question about relapses during 2008 was added to compensate for the differences in observation times.
Statistic
The MannWhitney rank sum test and the Wilcoxon signed rank sum test was used for unpaired and paired comparisons respectively supplemented with the Fishers Exact test. Spearman's rank correlation test was used to analyze for possible correlation between consumption of fibre and disease activity.
Ethics
The investigation was approved by the regional ethical committee, and conducted in accordance with the standards of the Declaration of Helsinki.
Results
The in vitro experiment showed a reduction in the amount of 5-ASA in the solution with Ispaghula Husk and wheat bran and a lesser reduction with citrus pectin and wheat flour. No significant Table 1 . Baseline characteristics for patients with ulcerative colitis in long-term treatment with 5-aminosalicyclic acid, n ¼ 34.
Patient characteristics
Median ( Therapeutic Advances in Gastroenterology 3 (1) differences were found between pH 6 and pH 7. Ispaghula Husk reduced the 5-ASA content with 8.6 mg/g and 6.1 mg/g at pH 6 and pH 7, respectively; wheat bran with 4.7 mg/g and 5.2 mg/g; citrus pectin with 1.9 mg/g and 2.0 mg/g; and wheat flour with 1.7 mg/g and 1.3 mg/g. Data are shown in Table 2 . The two reference tests incubating empty tea bags showed an increased mean amount of 4.4 mg 5-ASA (1.3%) at pH 6, and a decreased mean amount of 0.3 mg 5-ASA at pH 7 (0.09%), indicating that the choice of bags was without systematic influence on the results.
In vivo investigation
Of the 34 patients included 29 completed more than one of the scheduled interviews. One was excluded because of pregnancy and four patients did not show up for the second interview. Seventeen patients participated in three interviews and 12 patients participated in two interviews. The median observation time was 100 days (range 64182 days). Based on the patients' daily oral dose of 5-ASA, they were divided into three groups administering doses of 8001999, 20002999 and 30004000 mg 5-ASA. No significant changes in fibre consumption over time was observed, however, the group administering 20002999 mg 5-ASA experienced a significant drop in CRP (p <0.05) and CAI (p <0.01) between the first and the second interview. A comparison between patients with high (>20 g/day) and low (<20 g/day) total fibre consumption showed a significant lower CRP (p <0.01) and F-calprotectin (p <0.01) in the high-fibre group. The same effect was found in relation to grain fibres, CRP (p <0.05) and F-calprotectin (p <0.05).
Simple comparison between the highest and the lowest fibre consumption in 'total amount', 'fruit/ vegetable fibres', and 'grain fibres' indicated that the patients with the lowest consumed amount in 70% (16/23), 52% (12/23), and 48% (11/23) of the cases respectively had a higher disease activity compared to the patients with the highest consumed amount. Data are shown in Table 3 .
Discussion
In vitro experiment A similar in vitro experiment has not been published. Accordingly, we constructed our C Henriksen, S Hansen et al.
own design. The amount of 5-ASA used (1 g/l) is clinically realistic, as daily doses in the relevant patients vary from 800 mg to 4 g. The amount of 5-ASA bound to fibres is determined by at least two factors, the ability to bind water and the specific binding of 5-ASA by ionic bonding, water bonding or other kinds of linkage. We have assumed that the concentration of 5-ASA in water was the same, whether the water was in the solution or bound to fibres. This was not verified in the experiment. Calculating the amount of 5-ASA no longer in the solution and after adjusting for the amount of water bound in the fibres, we found major differences between the types of fibres. The reduction was highest in the samples with Ispaghula Husk and wheat bran, which also had the largest binding of water. The net binding of 510 mg/g fibre could be clinically relevant, if the binding is sufficiently strong to prevent absorption of 5-ASA. This question cannot be answered by the present experiments. The sample sizes in the experiments were small, so the results are sensitive to confounders of many kinds, but the design was chosen to explore whether it might be worthwhile to continue this line of thinking. The tea bags with Ispaghula Husk were expanded after the incubation due to the high water-binding capacity, which might have impeded contact between the solution of 5-ASA and Ispaghula Husk, and thereby underestimated the binding of 5-ASA.
The binding was highest in the samples with Ispaghula Husk followed by wheat bran, pectin and wheat flour in descending order.
In vivo investigation
The observational study was intended as a screening for major effects as a reference to the experimental results. The disease activity was established both by questionnaire and measurements in blood and faeces, but the number of patients was too small to detect relevant correlations, or the observation period and number of measurements per patient too short, as patients did not change their intake of fibres spontaneously. Accordingly, we were unable to observe a direct relationship between activity in the disease and the intake of fibres within the same patient. A larger number of patients were not available in the period of time due to a combination of many factors including nurses' strike and reorganization of the health system. Intervention studies will be necessary to answer the questions about clinical relevance, and such studies would be both clinically and ethically justified on the basis of our preliminary results. Among the many problems with observational studies in this field are the heterogeneous patient population both concerning extension of disease, activity of disease, compliance to medication, concomitant rectal treatment, additional therapies (i.e. herbs) and others. Low compliance, with only 2050% administering the prescribed medication, was estimated in a study with patients having UC in remission [Kane et al. 2008] . Our results showed no relationship between the daily intake of dietary fibres and the disease activity between patients. But a simple comparison between the extremes related to intakes of dietary fibres (highest versus lowest intake) indicated that a higher intake of dietary fibres was related to less disease activity. A coherence between the intake of dietary fibres and disease activity has been found in interventions studies with patients with UC and oral treatment with 5-ASA. In these studies they used other outcome measurements like maintaining of remission in 12 months [Fernandez-Banares et al. 1999] and occurrence of specific symptoms for the disease [Hallert et al. 1991] .
This possible coherence between the intake of dietary fibres and disease activity is not necessarily caused by an increased delivery of 5-ASA to the inflamed area in colon because of binding of 5-ASA to dietary fibre. It may also be due to increased production of short chain fatty acids (SCFA) in the colon.
The risk of side effects such as interstitial nephritis caused by systemic absorption of 5-ASA restrains the use of high doses for treatment [Frandsen et al. 2002; Riley et al. 1992; Staerk Laursen et al. 1990 ]. About 30% of an oral administration dose of 5-ASA (coated, timereleased or azo-bound) is absorbed, and can potentially cause side effects [Klotz, 1985] . If our experimental results are valid in patients, and the binding is linear, an amount of 87.7122.9 g Ispaghula Husk (pH 6 and pH 7 respectively) is theoretically needed to bind a dose of 720 mg 5-ASA (30% of a dose of 2400 mg 5-ASA). This is three to four times the recommend daily dose of Ispaghula Husk and would require a very large intake of water. An intake of the usually recommended 30 g HUSK could theoretical bind 711% of a 2400 mg dose of 5-ASA. Whether this is sufficient to reduce the risk of side effects of 5-ASA to a relevant degree is not known.
Results from intervention studies in which patients with UC were treated with 20 g Plantago seed and 1500 mg Claversal Õ [Fernandez-Banares et al. 1999] or 4 g Vi-Siblin Õ (3.52 g Ispaghula Husk) where 70% of the patients were administered Sulphasalazine Õ [Hallert et al. 1991] have shown beneficial effect in maintaining remission and a significant reduction in disease-specific symptoms.
Riley studied the effect of 7 g Ispaghula Husk together with a diet rich in fibres on pharmacokinetics in patients treated with Asacol Õ [Riley et al. 1991] . They found no significant changes but the median excretion of 5-ASA and Ac-5-ASA were reduced by 28% and 21% and by 1% and 10% in urine and faeces respectively. Both randomized trials and investigations of pharmacokinetics are needed to elucidate if the binding of 5-ASA to dietary fibres is clinically relevant.
Conclusions
We conclude that Ispaghula Husk, wheat bran, citrus pectin, and wheat flour bound 5-ASA content in vitro and Ispaghula Husk to a level that might be clinically relevant. In patients with UC and in long-term treatment with 5-ASA we found significantly lower concentrations of CRP (p <0.01) and faecal-calprotectin (p <0.01) in patients consuming a diet with a high content of fibre versus a low content. We found no direct correlations between fibre consumption and disease activity.
